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In the absence of suitable autogenous tissue, syn-
thetic vascular grafts are the primary alternative for
use in the construction of access grafts for hemodial-
ysis. Unfortunately, the poor patency of prosthetic
arteriovenous (AV) grafts and the subsequent treat-
ment of graft thrombosis contribute to significant
morbidity and mortality in the growing number of
patients with end-stage renal disease worldwide.1-4
Stenosis at the venous anastomosis accounts for
most AV access thrombosis.3-5 Presently, polypropy-
lene suture is used to approximate prosthetic grafts to
native vessel. In addition to being time consuming,
sutured anastomoses can subject the vessel to factors
associated with increased risk of intimal thickening.
Perforations of the native vessel wall expose thrombo-
genic extracellular matrix to the turbulent flow
observed in AV access grafts.7-9 Moreover, the sutures
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Purpose: The gross, light microscopic, and scanning microscopic appearance of arterial
and venous anastomoses in expanded polytetrafluoroethylene (ePTFE) access grafts con-
structed with nonpenetrating clips were compared with that of those constructed with
polypropylene suture. We hypothesized that clip-constructed anastomoses would pro-
vide controlled approximation of native vessel intimal and medial components with the
ePTFE grafts. We further hypothesized that anastomotic healing with clips would
involve primarily an intimal cellular response, as compared with suture-constructed
anastomoses in which cells within the media and adventitia walls participate. 
Methods: Femoral artery to femoral vein arteriovenous (AV) grafts were constructed in
five dogs using 4-mm internal diameter ePTFE graft material. Each animal received one
AV graft with anastomoses constructed by using polypropylene sutures in one leg and
one AV graft with anastomoses constructed with Vascular Closure System clips in the
contralateral leg. Animals were given aspirin for the duration of the study, and grafts
were explanted at 5 weeks. At the time of explantation, graft segments were grossly eval-
uated and then underwent light and scanning electron microscopic analysis.
Results: At the time of explantation, all access grafts were patent. Joining the ePTFE
grafts to the native vessels with clips resulted in minimal vessel wall damage. The lume-
nal contours of the discontinuous approximation were smooth and without gross
endothelial disruption. These observations are in contrast to the lumenal compromise
and endothelial disturbance associated with the sutured anastomoses. Furthermore,
hemostasis was achieved immediately in the clipped grafts, decreasing the incidence of
perianastomic hematoma. Finally, cellular reconstitution occurred at the anastomotic
cleft in both the sutured and the clipped junctions. The neointima exhibited an endothe-
lial cell lining on the lumenal surface and the presence of a -smooth muscle cell actin pos-
itive cells within the subendothelial layer. 
Conclusion: Vascular Closure System clips are a viable alternative to suture for the approx-
imation of ePTFE AV access grafts to native blood vessels. The use of the clips resulted
in a more streamlined anastomosis, with decreased vessel wall damage, immediate hemo-
stasis, and a trend toward shorter procedure times. (J Vasc Surg 1999;30:325-33.)
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themselves project into the anastomosis, potentially
irritating the inside of the vessel, triggering thrombo-
sis. Closely spaced sutures may cause mural ischemia
with resultant necrosis of the vessel margins.10,11
Needle-hole bleeding and blood seepage at sutured
anastomoses also allow for localized platelet deposi-
tion, hematoma formation, and secondary edema.
Such irregularities may contribute to an environment
conducive to abnormal healing and intimal thickening. 
Research has demonstrated that the healing at
anastomoses performed with Vascular Closure System
(VCS) clips is equivalent, if not superior, when com-
pared with conventional, sutured anastomosis.11-13
The rapid hemostasis and antithrombogenic anasto-
motic construction attained with VCS clips may
account, at least in part, for these findings. The cur-
rent study compared the healing associated with vas-
cular anastomoses made with VCS clips with that 
of vascular anastomoses made with conventional
polypropylene suture in a canine model of AV access.
MATERIALS AND METHODS
Animal selection and welfare.  All animal stud-
ies were performed in accordance with the protocols
approved by the University of Arizona Animal Review
Committee and the National Institutes of Health’s
“Guide for the Care and Use of Laboratory Animals”
(NIH publication #85-23, revised 1985). All sur-
geries were performed in accordance with and all ani-
mals were housed in facilities approved by the
American Association for Accreditation of Laboratory
Animal Care.
Performance of trial. Five mongrel dogs (20 to
32 kg) were orally medicated with 325 mg of aspirin
1 day before surgery and maintained on this dosage
for the duration of the study. On the day of surgery,
animals were sedated with a mixture of atropine,
ketamine, and acepromazine injected intramuscular-
ly. General anesthesia was induced with intravenous
sodium Pentothal, and the animals were intubated.
Anesthesia was maintained with a mixture of inhaled
halothane and oxygen. Intravenous cephalexin (500
mg) was given before the initial incision, and anoth-
er 500 mg cephalexin was delivered intravenously
approximately 1 hour later. No analysis was per-
formed to determine interanimal variability with
respect to platelet or coagulant reactivity. 
Graft implantation. Femoral AV grafts were
constructed using 25-cm segments of 4-mm internal
diameter, standard-walled expanded polytetrafluo-
roethylene (ePTFE; W.L. Gore and Associates,
Flagstaff, Ariz). Bilateral transverse incisions parallel
to the inguinal ligament were made to expose the
femoral arteries and veins. Heparin (3000 units) was
administered intravenously 5 minutes before vessel
clamping. The femoral artery and femoral vein were
then occluded with vascular loops, and an AV shunt
was constructed with end-to-side anastomoses made
with 6-0 polypropylene (US Surgical, Norwalk,
Conn) in one leg and VCS clips (US Surgical) in the
contralateral leg. 
In all animals, the venous/prosthetic anasto-
moses were performed first, followed by the arteri-
al/prosthetic construction. The sutured anasto-
moses were handsewn in a continuous stitch. 6-0
polypropylene stay sutures were used to fix the
“heel” and “toe” of the clipped anastomoses to facil-
itate clip application. Vessel and graft edges were
then everted at 90 degrees by means of specially
designed approximation forceps and placed against
each other. Medium-size clips were placed perpen-
dicular to the suture line, as close to each other as
possible. If a clip was mis-set, a clip remover was
available for expedient replacement. The VCS clip
applier delivered the clips mechanically through a
distributing cartridge of 25 titanium clips. After
completion of the anastomoses, flow was restored,
the skin lateral to the incision was separated from the
muscle by means of a hemostat, the grafts were
tacked to the muscle layer at the most distal point of
the fistula with a single suture, and the skin was
closed in two layers. In this layout, the outline of the
AV fistula can be readily seen and palpated through
the skin. Wounds were closed in two layers, and the
animals recovered while under direct observation for
6 hours.
Two additional AV fistulas were implanted,
immediately perfused-fixed, and explanted for the
express purpose of gross anastomotic examination at
the time of implantation. These constructs are
shown in Fig 2. 
Patency evaluation. Graft patency was assessed
by means of a flow probe (Transonic Systems,
Ithaca, NY) immediately after graft implantations
were complete and flow was restored. Patency was
further evaluated at 2, 3, and 4 weeks by means of a
hand-held Doppler ultrasound scanner (Meda
Sonics, Mountain View, Calif) and at explant by
means of the flow probe.
Graft explantation. After 5 weeks, the animals
were anesthetized and prepared for surgery as
described earlier. The grafts were exposed and
assessed for patency by means of direct needle punc-
ture. Heparin (100 U/kg) was given, vessels were
clamped, and graft explantations were performed.
Removed samples were immediately flushed with
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warm (37°C) Dulbecco’s cation free–phosphate
buffer saline containing 0.1% bovine serum albumin.
Subsequently, the grafts were sectioned into seg-
ments and prepared for light histology, scanning elec-
tron microscopy (SEM), and immunocytochemistry.
Light microscopy. Representative samples of
graft, surrounding tissue, and native vessels were
fixed in Histochoice (AMRESCO, Solon, Ohio),
dehydrated, and brought to paraffin. Clips were
removed (in the clip group only) from the anasto-
moses, and all samples were embedded into blocks
and sectioned perpendicular to the suture line. The
sections were then deparaffinized and stained with
both hematoxylin/eosin and a modified Masson
trichrome stain. The slides were examined, and pho-
tomicrographs were obtained with a Nikon Opti-
phot microscope.
Immunochemistry. Paraffin-embedded sections
were obtained and fixed on slides. Sections were
then reacted with primary antibodies to von
Willebrand factor (vWF; provided by Dr James
Catalfamo, New York State Health Department,
Albany, NY) or a -smooth muscle cell actin (a SMC;
Sigma) and visualized by means of peroxidase conju-
gated secondary antibody. Nuclei were lightly coun-
terstained with methyl green. Sections were then
evaluated by means of a Nikon Optiphot micro-
scope.
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Fig 1. Light micrographs (original magnification, · 1) of AV fistulas joined to the native ves-
sel with suture (A) or vascular closure system clips (B) shown at implantation (time, T = 0),
before the release of the vascular loops. The suture holes associated with the conventional anas-
tomoses allowed blood to flow freely for the first several minutes after the release of loops (C),
whereas hemostasis was achieved almost instantaneously on release of vessel loops in the anas-
tomoses constructed with the clips (D). 
Suture
T=0
Suture
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VCS
T=0
VCS
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Scanning electron microscopy. Samples for
electron microscopic evaluation were fixed in 3%
glutaraldehyde in PIPES (Piperazine-N,N ¢ -bis-[2-
ethanesulfonic acid]) buffer (pH, 7.4), dehydrated
in a graded series of acetone, and critical point dried.
Dry samples were sputter coated with a gold target
and evaluated by means of a JOEL 820 scanning
electron microscope.
Data analysis. The flow data were analyzed by
means of an analysis of variance, followed by a
Bonferroni post hoc test. All data are expressed as
means ± standard deviation.
RESULTS
After graft implantation, all animals recovered
rapidly, with no indication of congestive heart failure
or other postoperative complications related to the
presence of two high-flow AV grafts. The average
procedure duration from application of the venous
vessel loops to the release of all (venous and arterial)
vessel loops subsequent to the completion of the AV
fistulas was approximately 20 minutes for both the
sutured and the clipped groups. The range of proce-
dure duration for the sutured groups was 18 to 22
minutes, whereas the range for the clipped group
was 19 to 30 minutes. There was a trend toward
shorter procedure times when the clips were used,
and the authors believe that if more fistulas had been
constructed, significantly reduced procedure dura-
tions, such as those observed in other studies, could
have been achieved.11,12 Nevertheless, no significant
effect of anastomosis approximation was observed
on graft patency and/or thrombogenesis. All grafts
(five sutured, five clipped) remained patent and were
subjected to further histologic and immunocyto-
chemical evaluation after explantation.
Preflow findings. Representative AV fistulas
joined to the native vessel with suture or VCS clips
are shown in Fig 1 before the release of the vascular
loops. The continuous stitch used in the sutured
anastomoses resulted in vessel wall overlap and
“purse stringing” in certain areas along the suture
line. This observation was noted more often at the
venous unions. Furthermore, vessel wall distention
was noted in other areas. Such imperfections lead to
an irregular anastomotic line (Fig 2A and C).
Penetration of the vessel wall and protrusion of the
suture material into the vessel lumen was also
observed. 
A representative anastomosis constructed with
the VCS clips, on the other hand, shows neither per-
foration of the vessel wall nor obstruction of the
lumen caused by a foreign body (Fig 2B and D).
Application of the clips resulted in focal compression
of the media between the clip tips. Furthermore, the
lumenal contours of the clipped anastomoses were
smooth without endothelial disruption, in contrast
to the lumenal compromise and endothelial distur-
bances associated with the sutured anastomoses. 
Postflow findings. Hemostasis was achieved
almost instantaneously on release of vessel loops in
the anastomoses constructed with the clips (Fig 1D),
whereas the suture holes associated with the con-
ventional anastomoses allowed blood to flow freely
for the first several minutes after the release of the
loops (Fig 1C). No statistically significant differ-
ences were observed between the arterial flow rates
before the placement of the access grafts. Flow rates
did significantly rise (P = .003) relative to preimplant
values after AV graft construction in both the
sutured and clipped groups. Nevertheless, no differ-
ences were seen between the stapled and sutured
groups. At explantation, flow rates remained elevat-
ed when compared with preimplant values (P =
.001), but they were not statistically different from
the flow rates recorded immediately after implanta-
tion (Table I).
Similar to the findings of past studies, gross evalu-
ation at explant showed no differences between the
sutured and the clipped groups in lumen diameter.6,12
Within 5 weeks, a glistening white cellular surface was
evident at the anastomotic cleft of both the sutured
and clipped anastomoses. A cellular lining that was
morphologically consistent with endothelial cells was
revealed by means of SEM (Fig 3F). No fibrin or
platelet deposits were noted on this lining, suggesting
a nonthrombogenic tissue/blood interface. 
This neointima was further characterized by
means of antibodies against vWF (Fig 3E) and
a SMC actin. The cells lining the lumenal surface
stained positive for vWF, suggesting an endothelial
cell origin. a SMC-actin staining predominated in
the cells residing in the subendothelial cell layers. We
cannot definitively establish that these cells were of
smooth muscle cell origin, because this actin subtype
can be expressed by endothelial cells under specific
conditions.14
Fig 4 compares the variations in tissue approxi-
mation seen with sutured anastomoses to a clipped
anastomosis. Ideally, the vessel media abut the edge
of the prosthetic material, thereby excluding throm-
bogenic matrix components of the media from the
flow surface (Fig 4A).7,15 Because of the drastic dif-
ference in compliance between the native vessel,
whether artery or vein, and the prosthetic grafts, this
configuration is almost impossible to achieve, even
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with end-to-end anastomoses. Moreover, most anas-
tomoses performed for AV access grafts involve an
end-to-side construct. In this circumstance, the
commonly attained result is the vessel overlapping
the graft or vice versa (Fig 4C and D). However, a
more desirable result, that of an everted vessel/graft
junction, is easily attained with clips (Fig 4B).
DISCUSSION
The experimental use of metal clips to perform
blood vessel anastomoses was first introduced more
than 40 years ago.6,11,12 At that time, the procedure
did not gain wide acceptance and fell into disfavor.
More recently, however, the dissatisfaction with
suturing as the method for anastomosing the super-
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Table I. Arterial flow-rate comparisons between the sutured and clipped groups before arteriovenous
access graft implantation, immediately after graft placement, and at explantation
Pre Post Explant
Group Sutured Clipped Sutured Clipped Sutured Clipped
Flow rates 109.8 ± 50.1 109.0 ± 39.1 800.8 ± 130.3* 602.0 ± 253.9* 763.8 ± 251.7* 739.2 ± 223.9*
(mL/min)
*Significantly different from prearteriovenous access flow rates.
Fig 2. Light (A and B; original magnification, · 2.5) and scanning electron micrographs 
(C and D; bar, 100 mm) looking down on the graft/vessel interface of sutured (A and C) and
clipped (B and D) anastomoses immediately after implantation (time, T = 0). In all cases, the
arterial anastomoses are displayed. Venous approximations appear identical and are therefore
not shown. g, vascular graft; v, native vessel.
Suture
T=0
Suture
T=0
VCS
T=0
VCS
T=0
ficial temporal artery to the middle cerebral artery
has spurred the development of a nonpenetrating,
arcuate clip design.11,12 To date, vessel clips have
been successfully used in both laboratory and oper-
ating room settings.7 Endoscopic tissue reconstruc-
tion, free-flap transfer, and skin grafting are just a
few of the procedures in which clips have been
used.16 This particular study was performed to eval-
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Fig 3. Side-view scanning electron micrographs of sutured (A and C) and clipped (B and D)
approximations after explantation (time, T = 5 weeks). Pannus ingrowth (C and D) was observed
at all anastomoses. Immunohistochemical evaluation of this neointima with von Willebrand Factor
(light micrographs, E; original magnification, · 25) revealed a lumenal layer of positively stained
cells. This monolayer was morphologically consistent with endothelial cells (scanning electron
micrograph F). In all cases, the arterial anastomoses are displayed. Bars, 100 m m; g, vascular graft;
v, native vessel; s, staple.
Suture
T=5wk
Suture
T=5wk
VCS
T=5wk
VCS
T=5wk
Suture
T=5wk
VCS
T=5wk
uate the efficacy of using vascular clips to approxi-
mate synthetic vascular grafts to native blood vessels
in the construction of an AV fistula for hemodialysis. 
Suture. Approximation of the vessel wall to the
vascular graft material with suture resulted in imper-
fections in the flow surface (Fig 1A and C; Fig 4A,
C, and D). Furthermore, the sutures themselves
project into the lumen of the anastomosis, causing
vessel wall damage. Such damage can result in an
inherently thrombogenic surface.7-11 Although
immediate AV graft thrombosis is an unusual clinical
event, suture projections may serve as a nidus for
chronic buildup of fibrin and may establish a scaffold
for matrix deposition and the subsequent stenosis
often observed at the venous anastomosis. Such a
process may be accelerated in diseased vessels. The
turbulent blood flow characteristic of AV grafts can
only further exacerbate the activation of the throm-
bus formation.17 What role these factors play in inti-
mal thickening is largely undefined, but certainly
must be considered when mechanisms of anasto-
motic stenosis are studied.
Finally, sutured anastomoses have a baseline level
of leakage through the needle holes, which can
JOURNAL OF VASCULAR SURGERY
Volume 30, Number 2 Dal Ponte et al 331
Fig 4. Light micrographs of the tissue approximations routinely observed with sutured (A, C,
and D) and clipped (B) anastomoses (original magnification, · 25) at 5 weeks. Ideally, the sutured
vessel media abuts the edge of the prosthetic material (A), thereby excluding thrombogenic
matrix components of the media from the flow surface 157. More commonly sutured vessels
overlap the graft or vice versa (C and D). A desirable result, that of an everted vessel/graft junc-
tion, is easily attained with clips (B). In all cases, the arterial anastomoses are displayed. g, vascu-
lar graft; v, native vessel.
Suture
T=5wk
Suture
T=5wk
VCS
T=5wk
Suture
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result in the formation of hematomas (Fig 2C).
Although most of the hematomas are of no clinical
consequence in blood loss or surgical-wound com-
plications, they are accompanied by significant
edema formation and are proinflammatory in this
respect. Recruitment of inflammatory cells induced
by perianastomotic hematomas may also contribute
to anastomotic stenosis by providing additional
milieu components that promote prolific rather than
controlled healing of the flow surface.18-20 Although
the current study did not specifically address this
issue, the striking difference between the anasto-
motic blood loss in the sutured anastomoses and the
virtual absence of anastomotic bleeding seen with
the VCS anastomoses will need to be assessed in the
context of graft failure.
Clips. The use of VCS clips bypasses many of the
shortcomings of the sutured anastomoses. Because
no vessel wall perforation occurs, the only area in
which medial matrix components could be exposed
to blood flow is the vessel edge. By necessity, this
edge is excluded from contact with flowing blood
because it is everted to accomplish a clipped anasto-
mosis (Fig 3B). The resultant anastomotic ring is
composed solely of an intima/graft interface with
only minimal exception—that being at the proximal
and distal stay-suture sites. This positioning alone
may reduce the risk of intimal proliferation and
thereby promote wound healing.21
Aside from the morphologic differences in flow
surface offered by using the VCS clip for vascular
anastomoses, other advantages may be realized. Clip
application is discontinuous; therefore, the opportu-
nity does exist for vessel growth both in the longitu-
dinal and transverse planes (Fig 2B). This may not
be critical in the AV graft application; however, this
advantage may prove useful when anastomosing ves-
sels that have not yet completed their growth, such
as those in children. This ability for anastomotic
growth may also prove a useful characteristic in light
of the popularity of catheter-based balloon interven-
tions to treat AV access failure. When coupled with
a compliant graft material, the clipped anastomosis
may prove to be a more intervention-friendly con-
figuration for subsequent balloon angioplasty of
anastomotic stenosis.
In summary, this report has demonstrated the
efficacy of constructing vascular anastomosis with the
VCS clip in a canine model of AV access grafts.
Compared with conventional continuous polypropy-
lene-sutured vascular anastomoses, the VCS-clipped
approximations were more hemostatic, resulted in a
smoother lumenal-flow profile, and presented a flush
endothelial cell/graft interface. Moreover, perianas-
tomotic hematoma and subsequent edema were
nonexistent with the VCS anastomoses. We believe
these differences suggest that the VCS-clipped anas-
tomoses will be less likely to develop anastomotic
thickening; more long-term studies will be necessary
to confirm these early results. 
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